Introduction 1
Whey is a co-product of cheese-making and casein manufacture in the 2 dairy industry. This dairy stream represents an excellent source of func-3 tional proteins and peptides, lipids, vitamins, minerals, and lactose. The 4 annual volume of dairy whey produced globally exceeds 160 millions of tones 5 * Principal corresponding author * * Corresponding author Email addresses: gyula.vatai@uni-corvinus.hu (Gy.Vatai), kovacs.zoltan@tg.fh-giessen.de (Z. Kovács) and it increases with an annual growth rate of ≈1-2% (Smithers, 2008) . torically, whey was discharged in the environment or sold for a low return as 7 animal feed. With the introduction of modern processing technologies, such 8 as electrodialysis, ion exchange, or membrane filtration, whey has quickly 9 became a valuable raw material for the agri-food, biotechnology, medical, 10 and related markets. Whey can be used as an ingredient in the formulation 11 of diverse food products. Demineralization of whey is required for flavor im-12 provement and to provide an inorganic salt content that is acceptable for the 13 the intended use.
14 Nanofiltration (NF) provides a suitable degree of demineralization and it 15 has reached industrial scale (Pouliot, 2008) . NF membranes show diversity in 16 separation behavior but they are common in rejecting highly charged ions in a 17 higher degree, while in comparison, rejection of monovalent ions is much less.
18
NF also rejects uncharged, dissolved material and positively charged ions In processes of practical interest, the concentrations of both salts and 38 organics present in whey are subject to change, and a considerably interde-39 pendence in their permeation occurs. defined as the ratio of diluant flow u(t) to permeate flow q(t):
where the diluant flow u(t) is given as a product of the membrane area A 70 and the permeate flux J(t). The change in the feed volume V f during the 71 operation is given as
Considering a multi-component system with n solutes, and assuming that the 73 diluant consists of no solutes, the mass balance for the solute concentrations
where c p,i (t) denotes the permeate concentration of solute i at time t. Equation (3) can be rewritten in the following way:
Using Eq.(2) and recalling that c p,i (t) = c f,i (t)(1 − R i (t)), where R i (t) is the rejection of solute i at time t, we obtain, for i = 1, 2, . . . n,
Thus, we have the following initial-value problems:
and, for i = 1, 2, . . . n, 
Materials and Methods

88
The NF apparatus, the chemical properties of the applied whey and the analyzed. Conductivity of feed and permeate streams were also monitored. 
Nanofiltration procedures
98
Three NF experiments were performed as described in details hereafter. During the operation, the volume in the feed tank was reduced from 112 9.6 L to 3.6 L.
113
3. Run no. 3 (validation run). This test was carried out in VVD mode.
114
The ratio of wash-water stream to permeate stream was set to 0.75.
115
Thus, both duration of process and water consumption were increased 116 compared to run no. 2. The initial feed volume of 13.8 L was concen-117 trated to 6.8 L.
118
Note, that in this study we make partly use of the filtration data from our 
Whey composition
125
The NF feed liqueurs were supplied by a local dairy factory in Szeged,
126
Hungary, and they originate from batch-production of cottage cheese. The Table. 1. often adequate for process improvement in an industrial setting.
135
Considering one output, y, as a polynomial function of two inputs, x 1 and x 2 . The function y = f(x 1 ,x 2 ) describes a two-dimensional surface in the space (x 1 ,x 2 ,y). The equation of a quadratic response surface (QRS) is 
Results
142
Quadratic response surfaces were determined by fitting the model de- 
147
The goodness of the fits is shown in Table 2 . The dynamics of a diafil- 
Discussion
164
The feed composition of whey determines the response of the membrane. 
